Tasks such as reading or visual search consist of series of saccades. We have investigated to what extent saccades that are made within a series of self-paced movements are influenced by preceding movements. The present paper concerns an analysis of the duration of the fixations preceding saccades. We tested human subjects in a paradigm where they had to fixate two to four targets in a fixed order as fast as they could. We found that fixations before so-called 'return saccades' (saccades returning to the previously fixated position) are considerably longer (up to 40%) than other fixations. This phenomenon, which we call 'Inhibition of Saccade Return' (ISR), is present when return and regular saccades are mixed in one trial, and seems to be reset after each saccade. ISR is strongest at the previously fixated target, and decreases gradually from there. The radius of the area where ISR is found is about 4°. The relation between ISR and 'Inhibition of Return' of spatial attention [Posner & Cohen, 1984] is discussed, as well as the neurophysiological basis of ISR.
Introduction
When people scan, read or search they usually make series of saccades. Saccades are fast shifts of eye orientation. Saccades play an important role in making parts of the visual world accessible for detailed inspection, because only the central part of the retina is very sensitive to high spatial frequencies and color. Between saccades we find periods which we call fixations (intersaccadic intervals). In the present experiment, we investigate how durations of subsequent fixations are related to the location fixated. In our first hypothesis, saccades that return to previously fixated locations in space are considered to be similar to correction saccades and are therefore assumed to be preceded by a short fixation duration (correction saccade hypothesis). In the second hypothesis, fixations before saccades that return to previously fixated locations in space are assumed to be lengthened by an effect called inhibition of return (inhibition of saccade return hypothesis).
'Correction saccade' hypothesis
As stated before, series of saccades are needed to inspect large stimuli. At least three processes are assumed to take place during fixation. These are visual analysis of the fixated part of the stimulus, saccade preparation and sampling of the peripheral field (Viviani, 1990 ). These three processes take time. Depending on stimulus material and task, visual analysis takes 100-500 ms (Salthouse & Ellis, 1980; Salthouse, Ellis, Diener, & Somberg, 1981; Hooge, Boessenkool, & Erkelens, 1996; Hooge & Erkelens, 1998) . Saccade preparation takes 100-200 ms (Becker & Jü rgens, 1979) . Visual analysis, sampling of the peripheral field and saccade preparation may occur in parallel and overlap in time (Engel, 1977; Findlay, 1995; .
Sometimes a fixation is too short to complete visual analysis during that particular fixation. This implies that the duration of a fixation is not always directly coupled to the time needed for the immediate visual task (Engel, 1977; . As a result of this, it occurs that subjects occasionally fixate the target but do not recognize it . On the other hand, it may occur that a target is fixated and recognized within fixation, but before recognition, a new saccade is already programmed to a next stimulus element. In an experiment in which subjects are asked to search for a target and -once found -fixate it continuously, this may result in a saccade made away from the target immediately followed by a saccade to refixate the target. Engel (1977) , and reported occurrence of these so called 'return saccades'. We refer to fixations preceding return saccades as 'return fixations'. During return fixations only saccade preparation is necessary, because the visual stimulus (the target of the previous fixation) has already been analyzed. On the basis of the finding that a difficult foveal search task causes longer fixations than an easy task (Gould, 1967 (Gould, , 1973 Moffit, 1980; Jacobs, 1986; Jacobs & O'Regan, 1987; , one may expect return fixations to be shorter than regular fixations. They can follow shortly because (1) these saccades may be programmed during the previous fixation; or (2) no time is used for visual analysis of the present stimulus element fixated. In this view, return saccades can be similar to correction saccades (which often follow shortly after a regular targetdirected saccade (Becker & Fuchs, 1969; Becker, 1972) . Engel (1977) did not report durations of return fixations. did not measure enough saccades to determine whether return fixations were shorter than regular fixations.
'Inhibition of saccade return' hypothesis
From another viewpoint one may expect return fixations to have a longer duration than regular fixations. In a multiple fixation experiment such as free search, each fixation can be seen as a single trial of a 'fixation' experiment. In the literature an effect has been described, which is known as 'inhibition of return' (IOR, Posner & Cohen, 1984 ; for recent reviews on IOR see Taylor & Klein 1998; Klein, 2000) . In these experiments subjects were asked to push a button when a specific target was present among distracters. Manual reaction times increased (9-60 ms (Reuter-Lorentz, Jha, & Rosenquist, 1996) ; 79 ms (Rafal, Calabresi, Brennan, & Sciolto, 1989) when the target location was cued. In a trial with a cue, a marker appeared for a short period at one of the possible stimulus element positions before stimulus onset. Cueing is supposed to attract attention. Thus, the longer reaction times obtained in trials where the target was located on a cued position suggest that allocation of attention to previously attended positions is inhibited. IOR also occurs if the target is auditory and the cue is visual (Reuter-Lorentz et al., 1996; Spence & Driver, 1998a) . However, auditory IOR is weaker than visual IOR. IOR also occurs when both the target and pre-cue are auditory (Schmidt 1996; Spence & Driver, 1998b; McDonald & Ward, 1999) . Similarly to manual reaction times, saccadic latency (Vaughan, 1984; Abrams & Dobkin, 1994; ReuterLorentz et al., 1996) and direction (Posner, Rafal, Choate, & Vaughan, 1985) are affected by IOR. Reuter-Lorentz et al. (1996) reported latencies of saccades to cued targets to be 30 ms longer than of saccades to uncued targets. Abrams and Dobkin (1994) reported an effect of cueing that ranged from 2 to 19 ms. Vaughan (1984) found latencies of saccades to previously fixated targets to be longer (9-15 ms) than these of saccades to other targets that were not fixated before. Thus, as a consequence of IOR we investigate whether there is 'inhibition of saccade return' (ISR) during a sequence of saccades. ISR should occur when a saccade is made back to a previously fixated position in space. Due to ISR, we expect return fixations to be longer than regular fixations.
Question
In the present experiment we investigated whether return fixations differ from regular fixations. During search, return fixations may be longer than regular fixations due to IOR (to which we refer as ISR when present) or shorter than regular fixations, because return saccades are correction saccades. Before a correction saccade foveal analysis is not necessary. This is studied in a multiple fixation task, since a return saccade is at least the second saccade in a series of saccades. Because we wanted to minimize the influence of factors other than fixation position upon fixation duration we did not test our hypotheses in a reading or search experiment. Instead, we asked subjects to make saccades in a specific pattern as fast as possible (as in Zingale & Kowler, 1987) . In contrast to a search task, in this paradigm, we expect the two different types of fixations to have the same duration if the correction saccade hypothesis is correct. If the ISR hypothesis is correct we expect return fixations to be longer than regular fixations.
General methods

Apparatus
Subjects sat in front of a flip chart (distance: 2.44 m; size: 0.715 × 0.715 m). The light in experimental room was turned on during the experiment. To prevent head movements, the subject's head was kept steady by a chin and a forehead rest. Orientation of the right eye was measured with an induction coil mounted in a scleral annulus in an a.c. magnetic field (Skalar eye position meter 3020, Skalar Delft, the Netherlands). This method was first described by Robinson (1963) and refined by Collewijn, van der Mark, and Jansen (1975) . The horizontal and vertical components of the eye orientation were measured at a sampling rate of 500 Hz. Before digitization the signals were fed through a low-pass filter with a cut-off frequency of 250 Hz.
Stimuli and task
Stimuli consisted of blue dots (diameter 1.0°) drawn on paper sheets. Depending on the experiment the stimuli contained two, three or four dots. Subjects were asked to make a repetitive sequence of saccades between the dots in a specific pattern. They had to make the saccades as fast and as accurate as possible. The duration of each trial was 10 s. Each condition was tested in six or ten trials. Experiments were done on successive days due to the maximum period of 30 min the subjects were allowed to wear the scleral coil.
Subjects
Seven subjects (three females (MR, ER and AL) and four males (IH, JG, MF and MM), age 21 -32 years) participated in the experiments. None of them showed any visual or oculomotor pathology other than refraction anomalies. The subjects had normal or corrected to normal vision. IH is the first and MF is the second author. The other subjects were naive concerning the goals of the experiment. None of the subjects had experience in doing this task. There were no practice trials.
Data analysis
Data were analyzed off-line by a computer program. In the analysis, saccades were detected by applying a velocity threshold of 25°/s. After detection of a saccade the program searched for the onset and offset of that particular saccade on the basis of a velocity threshold of 5°/s. Onsets and offsets were marked. From these markers the program computed fixation durations and fixation positions. We used an amplitude threshold of 2°to remove small correction saccades.
Experiment 1: direct return test
Question
Does a fixation that precedes a return saccade differ from a fixation that precedes a saccade made to a new location? To find an answer to this question we engaged three subjects in the direct return test. We asked subjects to make saccades between two dots (the line condition, Fig. 1 ). Thus, throughout the task subjects had to make saccades to positions in space that had been fixated just before. As a control we asked subjects to make a sequence of saccades between four dots (the square condition, Fig. 1 ). In this condition each saccade is directed to a new location. If inhibition of saccade return (ISR) exists, we expect fixation duration to be shorter in the square condition than in the line condition.
Methods
The stimulus of the line condition consisted of two dots that were horizontally, vertically or diagonally aligned (Fig. 1) . The separation between the dots was 15°. In the square condition the stimulus (Fig. 1 ) consisted of four dots that were in a quadrangular arrangement (separation 15°). As mentioned above, subjects were asked to make saccades between the dots as fast and as accurate as possible. The experiment was performed in three subjects: AL, IH and MF.
Results
For all subjects the duration of fixations obtained in the line condition were longer than those obtained in the square condition ( Fig. 1 ). In the square condition, durations of fixations preceding horizontal and vertical saccades did not differ. Differences were 94 ms (AL), 71 ms (IH) and 79 ms (MF). In one subject (AL) we checked whether the orientation of the line stimulus (horizontal, vertical or diagonal) had an effect on fixation duration. Orientation of the line stimulus had no systematic effect on fixation duration (Fig. 1) . In either the horizontal, vertical and diagonal orientation, fixation durations were significantly longer in the line than in the square condition. All subjects reported they had difficulty to keep their heads steady while doing the task. They also reported that making saccades as quickly as possible was more difficult in the line condition than in the square condition. Subject MF had shorter fixation durations than the other two subjects. Fig. 2 shows saccade endpoints made in the line and the square condition of experiment 1. In general, the saccade endpoints show an undershoot of 0.5-1°. Saccade endpoints of MF show some overshoot (saccades made to the upper half of the stimulus). For all subjects, the scatter in the saccade amplitude was larger than the scatter in the direction. Standard deviation of the saccade amplitude is about 1°and is not larger for MF than for IH and AL, despite the shorter fixation times of MF. The longer fixation duration in the line task did not result in significantly less scatter in the endpoints of the saccades. This suggests that the extra time was not used for a more accurate motor preparation.
Discussion
Fixations in the line condition had durations up to 40% longer than fixations in the square condition. This effect was not related to the direction of the saccades made, since the orientation of the line stimulus did not affect fixation duration. It is tempting to conclude that the observed differences are due to the fact that saccades in the line condition solely consist of return saccades whereas in the square condition only regular saccades were made. However, the increased fixation times in the line condition may be due to the fact that saccades of identical metrics follow one another with a higher frequency than in the square condition. Therefore a refractory period rather than return inhibition might be responsible for the observed phenomena. To test the latter hypothesis, in the following experiment, the stimulus was designed such that horizontally directed regular and return saccades occur sequentially. This experiment also gives the opportunity to check for the robustness of ISR, since regular and return saccades are mixed. Finally, we checked whether returning to a previously fixated target was essential for ISR to occur or whether reversing saccade direction was sufficient.
Experiment 2a: sequential test
Question
Results of experiment 1 showed that return saccades were preceded by prolonged fixations. This experiment was designed to answer two questions: (1) How robust is ISR, is it possible to replicate the results of experiment 1 within a sequence of saccades? In other words: does ISR occur if saccades to previously fixated and new locations are mixed in one trial? (2) Is a refractory period responsible for the prolonged fixations observed in experiment 1?
Methods
In the sequential test the stimulus consisted of three horizontally aligned dots (separation 7.5°). Subjects were asked to fixate each dot subsequently, in an order as indicated in Fig. 3 . Thus horizontally directed saccades to new and previously fixated dots alternated. Four subjects participated in this experiment: ER, IH, MF and MR. The duration of each trial was 10 s. Each condition was tested in ten trials.
Results
Results for the sequential test are shown in Fig. 3 . Fixations preceding saccades to the center dot (indicated by LC (left to center) and RC (right to center)) lasted longer than fixations preceding saccades to the right dot and the left dot (indicated by CL (center to left) and CR (center to right)). Fixations preceding saccades made from the left and the right dot to center are return fixations. Fixations preceding saccades made from the center to the left and the right dot are regular fixations. Thus, return fixations lasted longer than regular fixations.
Discussion
In the sequential test (experiment 2a), we replicated the results of the experiment 1 in individual saccades. Therefore, the hypothesis that the repetition of identical saccades following shortly after each other would slow down saccade initiation cannot explain the data of the previous experiment. Saccade LC and CR have similar metrics (as do RC and CL). The fixation preceding CR and CL is shorter than fixation preceding LC and RC.
Replication of the results of experiment 1 in one sequence of saccades indicates that the occurrence of ISR is not due to the task or the stimulus as a whole, but rather related to the location to which each individual saccade is directed. However, experiment 2a does not exclude the possibility that return fixations last longer than regular fixations because the return saccade reverses direction. We will call this the reversal saccade hypothesis. In the following experiment we try to find whether the return or the reversal hypothesis is true.
Experiment 2b: reversal test
Question
Do 'reverse' or 'return' saccades cause prolonged fixations? To answer this question we need a sequence of pure reversal saccades. Pure reversal saccades do no return gaze to a previously fixated location. If the return saccade hypothesis is true, we do not expect the fixation durations preceding pure reversal saccades to be longer than the other fixations. If the reversal saccade hypothesis is true, fixations preceding the reversal saccade will last longer than regular saccades.
Methods
Like in the sequential test, the stimulus consisted of three horizontally aligned dots. However, in order to create a stimulus in which the distance between the endpoint (Fig. 3) of the reversal saccade (RL) and the possibly inhibited target (C) was identical to the distance between the endpoint of the regular saccades of experiment 2a (Fig. 3 , CR, respectively CL) and the inhibited targets (L, respectively R), we separated the dots by 15°. Subjects were asked to make a saccade from the left dot to the center dot, followed by a saccade from the center dot to the right dot and then back to the left dot (Fig. 4) . The saccade to the left dot has an amplitude twice as large as the amplitude of the saccade to the right. Therefore, the saccade that reverses direction does not land on the location fixated just before. Three subjects participated in this experiment: JG, IH and MF. Each trial had a duration of 10 s and was repeated ten times. Fig. 4 shows the result of the reversal test. Fixations preceding saccades to the right dot indicated by LR (left to right) were not longer than the other fixations (RC and CL). This means that the prolonged fixations observed in experiment 1 and 2a were not due to succeeding saccades that reversed direction. In other words, we reject the reversal hypothesis.
Results and discussion
Interestingly, the fixations preceding the CR saccade had an increased duration. This is in agreement with the data of Dorris, Taylor, Klein, and Munoz (1999) , who reported increased fixation duration before sac- Fig. 3 . Experiment 2A. Sequential test. Top figure shows the stimulus used in experiment 2A. Separation between the dots was 7.5°. Subjects were asked to make saccades as indicated by the arrows. These arrows were not visible in the real stimulus. L denotes the left dot, C denotes the center dot and R denotes the right dot. C, R and L correspond to the stimulus figure (top). CR represents fixations preceding saccades from the center (C) dot to the right dot (R). LR represents fixations preceding saccades from the left dot (L) to the center dot (C). CL represents fixations preceding saccades from the center dot (C) to the left dot. RC represents fixations preceding saccades from the right dot (R) to the center dot (C). Saccades made from L to C and from R to C bring back gaze directly to a previously fixated position. Therefore LC and RC represent return fixations. CR and CL represent regular fixations. Error bars represent standard errors of the mean. Notice that the y-axes of the four panels differ. Reversal test. Top figure shows the stimulus used in experiment 2B. Subjects were asked to make saccades as indicated by the arrows (these were not visible). Separation between the dots was 15°. C, R and L correspond to the stimulus figure (top).
LC represents fixations preceding saccades from the left dot (L) to the center dot (C). CR represents fixations preceding saccades from the center dot (C) to the right dot (R). R(L) represents fixations preceding saccades from the right dot (R) to the left dot (L). RL represent CR and CL represent regular saccades.
tried to determine the size of the area in which ISR affects the return fixation.
Methods
The stimulus contained four dots that were arranged in a rectangle. Four subjects had to make saccades in a 'hourglass' pattern (Fig. 5) . The horizontal distance between the dots was 15°. We varied the vertical separation (height) between 0 and 15°. If the vertical separation is 0°, this stimulus is identical to line stimulus of the direct return test (which was an effective stimulus to evoke ISR). Increasing the vertical separation results in saccades that increasingly deviate from being return saccades. Therefore the relation between vertical separation of the dots and fixation duration is an indicator for the size of the inhibited area. In this experiment we used vertical separations of 0°, 0.9°, 1.9°, 3.8°, 7.5°and 15.0°. Each stimulus was presented 6 times in a row. Trial duration was 10 s. The different vertical separations were mixed. Participating subjects were ER, IH, MF and MM.
Results and discussion
The results of this experiment are summarized in Fig.  5 . Fixation duration increased with decreasing vertical separation. For vertical separation larger than 4°, fixation times reached a constant minimal level. This implies that the inhibited area for this type of stimulus and task has a radius of about 4°. However, within this area the strength of ISR decreased with increasing vertical separation. This effect was present in all subjects. The peak ISR-effect was the strongest in subject MM (about 150 ms) and the weakest in MF (about 95 ms). Note that the results of this experiment allow for an alternative explanation. The distance between the targets that are on the same horizontal coordinate decreases with a decreasing stimulus height. Consequently, this smaller distance between the targets may increasingly complicate determining the correct target for the saccade, which may lead to increased fixation duration. However, there are several arguments against this alternative hypothesis. Firstly, there was no increase in incorrectly targeted saccades as the height of the stimulus decreased. Secondly, when the stimulus height is zero the data fit well on the curve (Fig. 5) , even though no response competition can occur.
General discussion
Summary
In three experiments we demonstrated that fixation duration is strongly affected by the direction of the cades with metrics that are identical to the previous one. As a matter of fact, such an effect may have played a role in the sequential test as well, since here saccades of both identical and opposing metrics are made. Thus the effects of ISR may have been slightly masked in the sequential test. This is in agreement with our data: the net ISR-effect seems somewhat smaller in the sequential test than in the direct return test, where no sequence of saccades with identical metrics is included.
Experiment 3: spatial size test
Question
In experiments 1 and 2, we distinguished regular and return saccades and concluded that ISR specifically has an effect on the fixations preceding the latter type of saccades. This experiment was designed to study the transfer between return saccades and regular saccades that had very similar metrics. For instance if one makes a saccade of 15°to the right, the perfect return saccade would be 15°to the left. The question is to what extent the fixations before saccades that have somewhat different metrics (i.e. amplitude or direction) than the perfect return saccade, are affected by ISR. In other words, we self-paced saccades that followed and preceded that particular fixation. To describe the observed phenomena we introduced the new term ISR, to distinguish it from IOR, which describes the increase of manual and saccadic reaction times to unexpected stimuli at probed locations. The majority of the experiments concerned fixation or one-saccade tasks. Even though the phenomena are consistent with (but stronger than) classical IOR, our experimental conditions as well as measured parameters differed from the IOR experiments.
In experiment 1 we found that a return fixation is about 40% longer than a regular fixation. Experiment 2 showed that ISR is a robust phenomenon. Within one sequence of saccades we found both regular and return fixations that differed from each other by their durations. Return fixations were 10-180 ms longer than regular and reversal fixations. Results for both experiment 1 and 2 are evidence in favor of the ISR hypothesis (see Section 1). This hypothesis predicts that a fixation preceding a return saccade should be longer than a fixation preceding a regular saccade.
If a saccade to a previously fixated location is inhibited, the inhibitory area must have a size. In experiment 3 we studied the transfer between return fixations and Fig. 5 . Experiment 3: Spatial size test. Top of figure shows the hourglass stimulus. Subjects were asked to make saccades in the direction indicated by the arrows (these were not visible in the real stimulus). Horizontal separation was fixed at 15°. Vertical separation varied from 0 to 15°. In this experiment we used vertical separations of 0, 0.9, 1.9, 3.8, 7.5 and 15.0°. When the vertical separation equaled 0°, the stimulus was similar to the horizontal line stimulus of experiment 1. Error bars represent standard error of the mean. Notice that the y-axes of the four panels differ. regular fixations. For the stimulus material and task used in the present experiment, we found prolonged fixations before saccades that returned to a location nearer than 4°from a previously fixated position.
Visual search and ISR
As suggested by Posner and Cohen (1984) , IOR may have an important function in visual search. IOR should prevent an observer from attending a location that has been attended before. The same rationale may hold for multiple fixation search. If saccades to previously fixated locations in space are inhibited, observers are prevented for double inspection within a short period of time. In this view, ISR can be seen as a low-level short-term memory for locations already fixated. This is in agreement with the findings of Posner et al. (1985) . In their experiment, IOR affected the direction of saccades. Saccades were more likely to go the right when the left side was cued and vice-versa. A better example is found in Klein and McInnes (1999) . They presented an unexpected probe (black disk) during free saccadic search in a complex visual scene. Subjects were slower in finding the probe when it was presented in the neighbourhood of the previous fixation. On the other hand, if previously fixated locations were inhibited too strong, an observer would not have the possibility to look back to an object fixated before. As mentioned in the introduction this kind of eye movement often occurs during search (Engel, 1977; Gould, 1973; . Posner and Cohen (1984) showed that the effect of IOR lasts 1.5-2 s. On the basis of this finding they suggested that several subsequent saccades could be influenced by IOR. Results of our experiment 2 (sequential test) are not in agreement with this suggestion. If the effects of IOR on saccades should have lasted 1.5-2 s, we would never have found long and short fixations alternating. Therefore, assuming that IOR and ISR are manifestations of the same process, we suggest that IOR may last 1.5-2 s during fixation, but that a saccade following this fixation resets IOR or at least accelerates the decay of inhibition (see also Klein & McInnes, 1999) . According to this idea IOR does not build up during a sequence of saccades. This suggestion is in agreement with our results. Fig. 6 shows two examples of the mean fixation duration as function of the number of the saccade. Fixations in the beginning of a trial did not differ in duration from fixations from the end of a trial.
The timescale of ISR
The strength of ISR
ISR as measured in this experiment is a considerably stronger effect than IOR. Due to IOR, saccadic latencies and reaction times were 10 to 60 ms longer than regular latencies and reaction times (e.g. Reuter-Lorentz et al., 1996) . In the present experiment we reported a systematic effect on fixation durations that ranged from 10 to 180 ms. Why is ISR so much stronger than IOR? The main difference between the present and the previous studies is that we studied inhibition of previously fixated positions during sequences of saccades. As a result of this, subjects made saccades in their own pace. This is an important difference. The experiment of Vaughan (1984) is most comparable to our experiment. In his experiment subjects were asked to make three saccades. Each saccade had to be made when a new target appeared. Vaughan found a small increase (8-15 ms) on return fixations. The effect was still present when the delay between two target presentations was 1700 ms. Saccades that went back near or to the previous fixated target were preceded by longer fixations than saccades that went to locations that were not fixated before. The effect was the largest when the separation between the start position and the return target was small. This is in agreement with the result of our experiment 3. We found longer return fixations when the vertical separation was small (B 4°). However, we found a much larger effect (up to ten times larger). Many authors (e.g. Vaughan, 1984; Reuter-Lorentz et al., 1996) showed that the strength of IOR depends on the time between the appearance of the cue and the appearance of the stimulus. The corresponding period in our experiment was not controlled by the experimenter, but it was at least the duration of a saccade (time between two fixations) and at most the period between the start of the previous fixation and the end of the return fixation. The difference in the strength of the ISR effect between our results and those of Vaughan (1984) may be due to the different timing of the saccades.
The coordinate system of ISR
Is ISR retinotopic, head-centric or attached to the world? On the basis of the present experiment we cannot distinguish between head-centric ISR or spatiotopic ISR, because the subjects were not allowed to make any head movement. Two identical subsequent saccades (as in experiment 2a) have the same target position in retinal coordinates. If ISR were retinal, we expect that the fixation preceding the second saccade were prolonged. Results for experiment 2 (sequential test) showed exactly the opposite. When a saccade from the center to the left was preceded by a saccade from the right to the center (both have the same target position in retinal coordinates), we found short fixations on the center. Fixation duration was prolonged, when saccades went back to an already fixated position in head-centric or space coordinates. From experiment 2 we conclude that ISR is not coded in retinal coordinates. This is in agreement with results from IOR experiments. IOR is rather spatiotopic than retinotopic (Maylor, 1985; Posner & Cohen, 1984; Maylor & Hockey, 1985) . Other authors have suggested that IOR is even object related (Abrams & Dobkin, 1994; Tipper, Weaver, Jerraut, & Burak, 1994 ). Rafal et al. (1989) suggested that IOR originates from the saccadic system. They reported IOR in situations where subjects were asked to intend to make a saccade to a target and subsequently cancel the saccade. This instruction was sufficient to cause IOR. More generally speaking, several studies claim that spatial attention is located at the level of the saccadic system (e.g. Kustov and Robinson, 1996) . In this respect it seems not unlikely that both are have the same neurophysiological background. The fact that effects of ISR are generally larger than of IOR may be due to the fact that ISR occurs in our experiments in a task where timing is an important constraint. Furthermore, our paradigm may mimic conditions of natural saccadic search better than the classical IOR paradigms.
The relation between IOR and ISR
Neurophysiology
At cortical and midbrain levels, the saccadic system is organized in oculocentric motor maps. A single unit in these areas (most prominently the superior colliculus and the frontal eye fields) encodes a certain eye displacement vector with a contralateral horizontal component (Robinson, 1972; McIlwain, 1982; Bruce, Goldberg, Bushnell, & Stanton, 1985) . Since the saccadic system encodes eye displacements, the relatively long fixation times preceding return saccades cannot be due to a refractory period of areas that have been active for the previous saccade. The return saccade has a direction that is by definition opposite to this previous movement, and is therefore encoded at the contralateral side of the brain.
In a study, where monkeys had to make reflexive saccades it was hypothesized that oculocentric refractory periods do play a role in the preparation time of saccades as well as in IOR (Dorris et al., 1999) . These authors find that saccades that immediately follow saccades with identical, rather than with opposing metrics have a longer preparation time. At first sight this is at odds with our data. However, apart from the obvious species difference, an important difference may be that the saccades in our study are self-paced, whereas the movements in the study of Dorris et al. (1999) are reflexive. Thus, ISR is possibly due to processes in the planning stage of the saccades. As was argued in the discussion of experiment 2, both phenomena may actually occur simultaneously.
The oculocentricity of the saccadic system is at first glance at odds with our finding that ISR is not in retinotopic coordinates. Two explanations may clarify this point. Firstly, it has been claimed that the level of the supplementary eye fields (SEF) a sub-population of neurons exists has a head-centric rather than oculocentric code (Schall, Morel, & Kaas, 1993) . These could be directly related to head-centric effects such as ISR. However, these data have been disputed (Russo & Bruce, 1993) .
Alternatively it is possible that ISR, though as an effect not oculocentric, is nonetheless effectuated by retinotopic centers. For instance, at any level of saccade programming, the generation of a saccade with amplitude A and direction might inhibit those neurons that encode the saccadic return vector (amplitude A and direction −180°). Though completely retinotopically coded, this would result in the effects described in this paper. Such a mechanism would require focal projections between both hemispheres, since a return saccade is almost in all cases encoded contralaterally from the preceding movement (with the exception of purely vertical saccades that are presumably encoded at two hemispheres simultaneously). Such connections have for instance been demonstrated at the level of the Superior Colliculi in both monkey and cat (Olivier, Porter, & May, 1998) .
